Maximum drawdown of a Brownian motion and AlphaBoost: a boosting algorithm by Pratap, Amrit
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1− e−µ
2T
2σ2
)
µ = σ
2
h
2σ2η sinh η
(σ2µh−µ2h2+σ4η2)e
−µh
σ2
(
1− e−µ
2T
2σ2 e−
σ2η2T
2h2
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h
!+:#
 !	 	

    ,%
   
, 
22 2    E[MDD|T ] =∫∞
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G(h|T ) = 2
∞∑
n=1
sin(n− 1
2
)π
(n− 1
2
)π
(
1− e−
σ2(n− 12 )
2π2T2
2h2
)
!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=
2
π
∞∑
n=0
(−1)n
(n + 1
2
)π
(
1− e−
σ2(n+12 )
2π2T2
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)
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∫ ∞
0
G(h|T )dh !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=
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π
∫ ∞
0
∞∑
n=0
(−1)n
(n + 1
2
)π
(
1− e−
σ2(n+12 )
2π2T2
2h2
)
dh !+:6#
= 2σ
√
T
∫ ∞
0
∞∑
n=0
(−1)n
(n + 1
2
)π
(
1− e−
(n+12 )
2
2h2
)
dh !+:5#
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γ =
∫ ∞
0
∞∑
n=0
(−1)n
(n + 1
2
)π
(
1− e−
(n+12 )
2
2h2
)
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√
π/8 ≈ 0.6267+
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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E[MDD] =
∫ ∞
0
G(h|T )dh !+:4#
= 2
∫ ∞
0
e−
µh
σ2
∞∑
n=1
sin3 θn
θn − cos θn sin θn
(
1− e− µ
2T
2σ2 cos2 θn
)
dh !+ #
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  u = −µh/σ2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E[MDD] = −2σ
2
µ
∫ ∞
0
eu
∞∑
n=1
sin3 θn
θn − cos θn sin θn
(
1− e− µ
2T
2σ2 cos2 θn
)
du !+ 9#
2 tan θn = −θn/u+  2 
E[MDD] = −2σ
2
µ
Qn(α
2) !+ #
2 α = µ
√
T
2σ2
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 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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
 
 
 
 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 Qn(x) → γ
√
2x 2 x → 0+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 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α2
2
+
QR(−α)
2
≤ Qn(α2) ≤ QR(−α) !+  #
2 QR(x) = erf(x)
(
1
2
+ x2
)
+ 1√
π
xe−x
2
+ $%
 
 α →∞  &
α2 +
1
4
≤ Qn(α2) ≤ α2 + 1
2
!+ ;#
 Qn(x) → x + 
(x) 2 14 ≤ 
(x) ≤ 12 +  Qn(x)  
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
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(x) → D∞   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 2 
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Qn(x) →
⎧⎪⎨
⎪⎩
γ
√
2x x → 0+
x + 1
2
x →∞
!+ 6#
  µ > 0
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E[MDD] =
∫ ∞
0
G(h|T )dh !+ 5#
= 2
∫ ∞
0
e−
µh
σ2
∞∑
n=1
sin3 θn
θn − cos θn sin θn
(
1− e− µ
2T
2σ2 cos θn
)
dh−
2
∫ ∞
σ2/h
e−
µh
σ2
sinh3 η
η − cosh η sinh η
(
1− e− µT
2
2σ2 cosh2 η
)
dh !+ "#
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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tanh u = σ2u/µh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dh
du
=
σ2
µ
cosh u sinh u− u
sinh2 u
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−σ
2
µ
∫ ∞
0
e−
u
tanh u
(
1− e−
µ2T
2σ2 cosh
2 u
)
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E[MDD] = 2
σ2
µ
∫ ∞
0
e−u
∞∑
n=1
sin3 θn
θn − cos θn sin θn
(
1− e− µ
2T
2σ2 cos θn
)
+
e−
u
tanh u sinh u
(
1− e−
µ2T
2σ2 cosh
2 u
)
du !+;9#
2 tan θn =
θn
u
+  2 
&
E[MDD] =
2σ2
µ
Qp(α
2) !+;#
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 α = µ
√
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I1(x) =
∫ ∞
0
e−u
∞∑
n=1
sin3 θn
θn − cos θn sin θn
(
1− e− xcos θn
)
du !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cos v sin v − v
sin2 v
dv !+; #
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I1(x) =
∞∑
n=0
∫ n+ 1
2
π
nπ
e−
v
tan v sin v
(
1− e− xcos2 v
)
dv !+;;#
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I1(x) =
∫ π/2
0
e−
v
tan v sin v
(
1− e− xcos2 v
)
1 + e−
πi
tan v
dv !+;6#
 2 
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(1− e−x)β1 ≤ I1(x) ≤ β1 !+;5#
2
β1 =
∫ π/2
0
e−
v
tan v sin v
1 + e−
πi
tan v
dv !+;"#
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β1 = 0.4575+
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  Qp
I2(x) =
∫ ∞
0
e−
u
tanh u sinh u
(
1− e−
µ2T
2σ2 cosh
2 u
)
du !+;4#
95
     
(    %
 2 x 
%%
+ 7 x  

   &   1  u  
   
 cosh u ∼ x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 2
%   ( 
  0+    e−
u
tanhu sinh u  
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  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 1
2
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 
  0  1
2
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 2 2
I2(x) =
∫ ∞
0
(
e−
u
tanhu sinh u− 1
2
+
1
2
)(
1− e− xcosh2 u
)
du !+6#
=
1
2
∫ ∞
0
(
1− e− xcosh2 u
)
du−
∫ ∞
0
(
1
2
− e− utanh u sinh u
)
du +∫ ∞
0
e−
x
cosh2 u
(
1
2
− e− utanh u sinh u
)
du !+69#
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 cosh u ≥ 1
2
eu 
  u ≥ A
cosh u ≤ 1
2
eλ(A)u 2 λ(A) = 1 + e
−2A
A
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   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A
(
1− e− xcosh2 A
)
+
∫ ∞
A
(1− e−4xe−2λ(A)u)du ≤ 2F (x) ≤
∫ ∞
A
(1− e−4xe−2u)du !+6#
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A
(
1− e− xcosh2 A
)
+
∫ xe−2λ(A)
0
1
2λ(A)v
(1− e−4v)dv ≤ 2F (x) ≤
∫ x
0
1
2v
(1− e−4v)dv
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∫ x
0
1
v
(1− e−4v)dv =
∫ 1
0
1
v
(1− e−4v)dv + log x−
∫ x
1
e−4v
dv
v
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2λ(A)
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C
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x Qp(x), µ > 0
x → 0 γ√2x
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